###### Strengths and limitations of this study

-   This will be the first population-based cohort study to assess the joint effects of low back pain (LBP) and mental health symptoms on healthcare utilisation and costs.

-   We will consider and control for a wide range of sociodemographic and health behaviour factors as potential confounders of the association between LBP and healthcare utilisation/costs.

-   Although we will use both self-reported LBP and LBP diagnostic information to ascertain the exposure, misclassification may occur; however, this approach currently represents the best secondary data methods to capture LBP in the general population.

-   Our primary analysis will exclude services not covered by the Ontario provincial health insurance system (eg, physiotherapy, chiropractic care), which may underestimate the utilisation of healthcare services for LBP.

-   Residual confounding may bias our results, but we will conduct a quantitative bias analysis to estimate the extent to which residual confounding may explain some or all of the reported association between LBP and healthcare utilisation/costs.

Introduction {#s1}
============

The WHO recognises disability as a global public health issue and priority area for action.[@R1] Low back pain (LBP) is the leading cause of years lived with disability globally and can be related to occupational injuries or motor vehicle collisions.[@R2] It is a common condition, as approximately 80% of people experience at least one episode of LBP during their lives.[@R2] Although most episodes resolve, a considerable proportion (\~10%--20%) of adults with LBP experience chronic symptoms, functional limitations or difficulties returning to work.[@R6]

LBP is burdensome to patients and health systems, as it is associated with high healthcare use and costs.[@R8] In the USA, estimated healthcare spending for LBP and neck pain was US\$87.6 billion in 2013, which was the third highest after diabetes and ischaemic heart disease.[@R11] Moreover, healthcare spending for LBP and neck pain increased US\$57.2 billion over 18 years, the second highest increase after diabetes.[@R11] Among musculoskeletal conditions, LBP is the most common reason for seeking healthcare.[@R12] Health Quality Ontario published a quality standard in 2019 with aims to ensure that all Ontarians receive the same high-quality care for LBP.[@R14] This quality standard provides guidance on reducing unnecessary diagnostic imaging, encouraging physical activity, providing education and reassurance and assisting with self-management and treatment options for adults with acute LBP.[@R14] Health Quality Ontario published this quality standard in response to the identified need to improve LBP care in Ontario.[@R14] In Ontario, costs for spinal imaging have increased 55% from 2001/2002 to 2010/2011 (increases greater than any other Canadian health service) with considerable geographical variation in access to appropriate LBP care.[@R14]

High healthcare utilisation and costs are likely driven by high-risk subgroups with LBP.[@R15] In the USA, two-thirds of patients with LBP had 1--2 encounters (ie, encounters in primary care, specialty care or emergency department (ED), surgery, drug prescription, lab or imaging orders) for LBP over 5 years, while approximately 10% of patients had heavy (eg, accounting for \>50% of all LBP services) utilisation related to imaging, injections, ED visits or inpatient encounters.[@R15] LBP subgroups with greater healthcare utilisation tend to have more comorbidities (eg, cardiovascular diseases, diabetes) and symptoms of depression or anxiety.[@R15] Health programmes could target high-risk groups to reduce the burden of chronic conditions, but these priority groups for LBP have not been well defined.

Comorbid mental health symptoms may predispose individuals to be at higher risk of high healthcare utilisation. Mental health symptoms are strongly linked with LBP, and research that further assesses their joint effects on healthcare utilisation is needed. Evidence suggests that mental health symptoms are negative prognostic factors for LBP.[@R16] People with mental health symptoms, such as depressive symptoms or anxiety, have poorer recovery from LBP.[@R16] Preliminary evidence suggests that symptoms of depression or anxiety are more common in patients with LBP who more heavily use care.[@R15] However, some studies were cross-sectional, while previous cohort studies relied on relatively short follow-up (\<3 years) or did not adequately control for a wide range of confounders (eg, comorbidities, health-related/behaviour factors).[@R15] To date, no population-based cohort study has assessed the joint effects of LBP and mental health symptoms on healthcare utilisation and costs.

Assessing the joint effects of LBP and mental health symptoms is needed to inform resources and health services delivery planning for priority subgroups with LBP. From a clinical perspective, mental health symptoms are common comorbidities presenting in patients with LBP.[@R26] Studying the joint effects between LBP and mental health symptoms will allow us to determine the burden of these two prevalent conditions on healthcare utilisation and costs to better inform healthcare programmes in Canada.

Objectives {#s1-1}
----------

Our goal is to examine the effect of LBP and the joint effects of LBP and mental health symptoms on future healthcare utilisation and costs among adults in Ontario, using linked survey and healthcare utilisation data. Specifically, we aim to achieve the following objectives.

Among five cycles of Ontario respondents of the Canadian Community Health Survey (CCHS) who are community-dwelling adults aged ≥18 years:

-   *Objective 1*: To assess the effect of self-reported LBP (compared with no self-reported LBP) on healthcare utilisation and costs.

-   *Objective 2*: To assess whether the effect of self-reported LBP on healthcare utilisation and costs differs for those with self-reported mental health symptoms compared with those who do not report mental health symptoms.

Methods and analysis {#s2}
====================

Study design {#s2-1}
------------

We will conduct a dynamic population-based cohort study of Ontario adult respondents of the CCHS. Ontario is the largest province by population (\~14.2 million in 2017) in Canada, and the most ethnically diverse province with more than 200 ethnic origins represented.[@R30] In Ontario, many healthcare services, including visits to family physicians and specialists, and most basic and emergency healthcare services (eg, surgery and hospital stays) are publicly funded.[@R31] These services are paid through the government-run provincial health insurance plan (Ontario Health Insurance Plan (OHIP)).

Study sample {#s2-2}
------------

All Ontario respondents from five CCHS cycles (Cycle 2.1 (2003--2004), Cycle 3.1 (2005--2006), 2007/2008, 2009/2010, 2011/2012) aged ≥18 years at time of survey will form the cohort. Before 2007, CCHS data were collected from a sample of respondents every 2 years (ie, 2003--2004, 2005--2006). Since 2007, data are collected from a sample of respondents yearly, and a file combining 2 years of data is released (ie, 2007/2008, 2009/2010, 2011/2012).[@R32] We will exclude individuals who cannot be linked with health administrative databases. Approximately 130 000 Ontario respondents to the CCHS are eligible for this study.

Data sources {#s2-3}
------------

In addition to providing LBP information, CCHS survey data will provide mental health symptoms, socioeconomic status and health behaviour information. Details of data elements from each data sources can be found in [table 1](#T1){ref-type="table"} and are listed here.

###### 

Data elements and data sources

  Data group                                 Data element                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                           Data source
  ------------------------------------------ -------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------- -------------
  Exposure                                   Self-reported low back pain                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                            CCHS
  Effect measure modifier                    Poor self-perceived mental health                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                      CCHS
  Mood disorder                              CCHS                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                   
  Anxiety disorder                           CCHS                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                   
  Potential confounders                      Age                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                    RPDB
  Household income                           CCHS                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                   
  Educational attainment                     CCHS                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                   
  Disability                                 OSAD                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                   
  Smoking                                    CCHS                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                   
  Alcohol consumption                        CCHS                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                   
  Physical activity                          CCHS                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                   
  Self-rated general health                  CCHS                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                   
  Self-rated chronic conditions              CCHS                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                   
  Comorbidities                              OHIP, CIHI                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                             
  Outcome measures                           Number of physician visits                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                             OHIP
  Number of ED visits                        NACRS                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                  
  Number of hospitalisations and stay days   CIHI Discharge Abstract Database/Same Day Surgeries                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                    
  Spinal imaging procedures                  OHIP and CIHI                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                          
  Healthcare costs                           ICES costing methodology using:RPDB: demographic information, date of death for the entire population with valid health card numbersDischarge Abstract Database: acute inpatient hospitalisationOntario Mental Health Reporting System: mental healthContinuing Care Reporting System: complex continuing careNational Rehabilitation System: inpatient rehabilitationNational Ambulatory Care Reporting System: same day surgeries and emergency department, outpatient oncology and dialysis treatmentsOHIP: physician servicesOntario Drug Benefit and New Drug Funding Program: prescription drugsOntario Home Care Administrative System and Home Care Database: home careAssistive Devices Program database: assistive devices   

CCHS, Canadian Community Health Survey; CIHI, Canadian Institute for Health Information; NACRS, National Ambulatory Care and Reporting System; OHIP, Ontario Health Insurance Plan; OSAD, Ontario Social Assistance Database; RPDB, Registered Persons Database.

-   *CCHS (annual component on general health)*: CCHS is administered by Statistics Canada and gathers up-to-date, cross-sectional data on the distribution of health determinants, outcomes and healthcare use across Canada.[@R32] CCHS is a cross-sectional survey of the Canadian population that uses a multistage survey design. To provide reliable estimates, CCHS aimed for a sample of 130 000 respondents every 2 years before 2007 and a sample of 65 000 respondents annually after 2007.[@R32] Survey weights are available for calculations in order for estimates produced from survey data to be representative of the covered population.[@R32] CCHS data are representative of 98% of the Canadian population aged ≥12 years living in private dwellings at national and provincial levels with response rates\>75%.[@R32] More than 80% of CCHS respondents have agreed to and have valid health card numbers for linkage to Registered Persons Database (RPDB) data. Survey methodology is detailed elsewhere.[@R33]

-   *CCHS (focus content surveys on mental health)*: We will use 2002 (Cycle 1.2) and 2012 CCHS focus content surveys examining mental health. The content is partly based on select mental disorders from the World Mental Health--Composite International Diagnostic Interview Instrument, measured according to Diagnostic and Statistical Manual of Mental Disorders, fourth edition definitions.[@R34]

-   *OHIP*: OHIP covers all Ontario residents, including all survey respondents, as a single-payer health insurance system. These data cover all healthcare providers who can claim OHIP (eg, physicians, laboratories) and include service codes, dates of service and associated diagnosis.[@R36] We will use OHIP physician claims file to ascertain ambulatory physician visits and imaging (radiographs, CT, MRI).

-   *Canadian Institute for Health Information (CIHI)*: CIHI Discharge Abstract Database and Same Day Surgeries collect demographic, administrative and clinical data on hospital discharges and same day surgeries, which are received from acute care facilities, health/regional authority or ministry of health, depending on the province. We will use this to obtain data on hospitalisations and imaging.

-   *National Ambulatory Care Reporting System (NACRS)*: This captures data on all hospital-based and community-based ambulatory care, collected from specific facilities, regional health authorities and ministries of health. This will be used to ascertain data on ED visits and imaging.

-   *RPDB*: The RPDB captures demographic information on all individuals who received a health card number in Ontario and updates addresses when an OHIP card is issued or renewed, or with address changes registered in EDs or hospitals. This will be used to identify demographic information, and censoring when subjects move out of Ontario.

-   *Social Assistance Data---Ministry of Community and Social Services*: We will use administrative caseload data provided by the Ontario Ministry of Community and Social Services, linked at ICES, to identify all users of Ontario's two major social assistance programmes (Ontario Disability Support Program, Ontario Works).[@R37] It will be used for data on disability and social assistance use (eg, benefit unit pay details, income and deductions skills and training) as covariate information.

Data sources for healthcare costing methodology related to utilisation and cost information are listed in [table 1](#T1){ref-type="table"} (detailed information is described elsewhere).[@R39]

Data linkages {#s2-4}
-------------

Data pooled from CCHS will be individually linked to individual-level healthcare utilisation data from administrative databases. Each participant will be linked deterministically and individually to population-based health administrative databases for Ontario. Deterministic linkage is an all-or-nothing linkage approach that is superior to probabilistic linkage, as records are matched using an exact match of unique identifying information.[@R40] Specifically, deterministic linkage between CCHS and individual-level health administrative data will be achieved through ICES, using unique healthcare identifiers (encrypted OHIP numbers) to ascertain healthcare utilisation and costs. We will use only data from the first CCHS interview in individuals who partake in multiple survey cycles; however, we anticipate this to be a very small proportion of the entire sample (\<0.5%).

Definition of exposure {#s2-5}
----------------------

### Self-reported LBP and diagnostic information from healthcare encounters {#s2-5-1}

Self-reported LBP will be obtained from the CCHS question: "Do you have back problems, excluding fibromyalgia and arthritis?" Individuals who respond no to this question will be classified as having no LBP. This CCHS question refers to back problems that are expected to last or have already lasted 6 months and that have been diagnosed by a health professional. Symptoms at least 6 months in duration are considered chronic.[@R41] This definition of self-reported LBP has been used in previous studies[@R27]; however, it has not been tested for its validity and reliability. To address this, we will compare the responses of this information with health administrative data, including billing data that contains diagnostic codes for those with LBP (ie, seeking healthcare for LBP). We will conduct sensitivity analyses to assess the effects for those who self-report LBP with and without prior diagnostic billing information as a more specific definition of LBP among those who seek care ([table 2](#T2){ref-type="table"}).

###### 

Select diagnostic and procedural codes for (A) spinal imaging (B) low back pain and (C) mental health symptoms

  --------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  Condition                       Diagnostic or procedural codes
  ------------------------------- ------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  \(A\) Spinal imaging            

   Radiographs                    X025, X202, X203, X027, X204, X028, X205, X206, X032, X033, X031, X034, X207, X035, X208

   CT                             X415, X416, X128

   MRI                            X490, X492, X493, X495, X496, X498

  \(B\) Low back pain             ICD-9: 722.9, 724, 749.9, 846, 847.1\
                                  ICD-10: M54.5, M54.1, M54.3, M54.4, M54.8, M54.9

  \(C\) Mental health symptom\*   

   Any mental health disorder     ICD-9: Any OMHRS (including missing, except for 290.x, 294.x in primary diagnosis). Exclude if primary dx missing and provisional=2ICD-10: DX10CODE1=F06 F99 or DX10CODE2-DX10CODE10=X60-X84, Y10-Y19, Y28 when DX10CODE1 not equal to F06-F99

   Substance-related disorders    ICD-9: 291.x (all 291 codes, excluding 291.82), 292.x (all 292 codes, excluding 292.85), 303.x (all 303 codes), 304.x (all 304 codes), 305.x (all 305 codes). Provisional=4ICD-10: F55, F10--F19

   Schizophrenia                  ICD-9: 295.x (all 295 codes), 297.x (all 297 codes), 298.x (all 298 codes). Provisional=5ICD-10: F20 (excluding F20.4), F22, F23, F24, F25, F28, F29, F53.1

   Mood disorders                 ICD-9: 296.x (all 296 codes), 300.4x, 301.13, 311.x. Provisional=6ICD-10: F30, F31, F32, F33, F34, F38, F39, F53.0

   Anxiety disorders              ICD-9: 300, 300.0x, 300.2x, 300.3x, 308.3x, 309.0x, 309.24, 309.28, 309.3x, 309.4x, 309.8x, 309.9x. Provisional=7, 15ICD-10: F40, F41, F42, F43, F48.8, F48.9, F93.1, F93.2
  --------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

\*For healthcare utilisation specific to mental health symptoms (eg, emergency department visits).

ICD, International Classification of Diseases; NACRS, National Ambulatory Care Reporting System.

Outcomes {#s2-6}
--------

Outcomes of interest are spine-related healthcare utilisation and costs based on diagnostic/procedural codes listed in [table 2](#T2){ref-type="table"}, as measured by:

-   *Number of physician visits*: Following CCHS interview date, all OHIP documented physician visits outside of hospital settings (fee for service or shadow billed) will be designated as the number of physician visits for each subject.

-   *Number of ED visits*: Following CCHS interview date, all NACRS ED visits will be designated as the number of ED visits for each subject.

-   *Number of hospitalisations*: Following the CCHS interview date, all inpatient hospitalisations and same day surgeries in CIHI will be designated as the number of hospitalisations for each subject.

-   *Number of spinal imaging procedures*: After the CCHS interview date, specific OHIP and CIHI fee codes will identify the number of spine imaging for radiographs, CT and MRI. Previous studies at ICES used these spinal imaging codes related to LBP ([table 2](#T2){ref-type="table"}).[@R46]

-   *Healthcare costs*: Total healthcare spending in Canadian dollars (adjusted to 2014) will be calculated using a person-centred costing approach to linked health administrative databases.[@R39] This methodology uses an algorithm to estimate costs accrued by each person based on healthcare visits covered by the Ministry of Health and Long Term Care (following CCHS interview date). From 2003 onwards, comprehensive healthcare costs are available for all major sectors of healthcare spending: inpatient hospitalisations, physician visits, complex continuing care, long-term care, home services, assistive devices and pharmaceuticals.[@R39] We have successfully applied these methods to estimate attributable costs for other conditions.[@R39]

Healthcare utilisation and costs data will be collected until 31 March 2018 (range 6--15 years of follow-up). We will calculate person-time from CCHS interview date to end of study period (31 March 2018), OHIP ineligibility or date of death.

Definitions of covariates/potential confounders {#s2-7}
-----------------------------------------------

All potential confounders of the association between LBP and healthcare utilisation/costs will be accounted for in the analysis, using propensity methods for objective 1 and as covariates in models for objective 2 (described in the analysis section). These variables were selected based on previous literature[@R17]:

-   *Demographic factors*: Age (years), sex (male or female).

-   *Socioeconomic factors*: Household income (lowest to highest quintiles), educational attainment (less than secondary, secondary graduate, more than secondary), occupation group (eg, management, health, sales and service occupations); disability (data from Ontario Social Assistance Database).

-   *Health-related/behaviour factors*:

    -   Self-reported factors (CCHS): Smoking (heavy, light, former heavy, former light, non-smoker), alcohol consumption (heavy, moderate, light drinker), physical activity quartiles (bottom 25% to top 25% physically active), body mass index (normal/underweight, overweight, obese), self-rated general health (excellent/very good/good, fair, poor), self-reported chronic conditions (yes, no).

    -   Comorbidities using a 2-year look-back window from CCHS interview date (ie, up to 2 years prior to interview date): Aggregated Diagnosis Groups (validated among adults in Ontario)[@R53]; health conditions using health administrative database algorithms (eg, diabetes, hypertension, congestive heart failure, chronic obstructive pulmonary disease, dementia, stroke, coronary artery disease).[@R54]

Definition of effect measure modifier (for objective 2) {#s2-8}
-------------------------------------------------------

### Self-reported mental health symptoms {#s2-8-1}

Effect modifiers of interest are the following mental health symptoms: poor self-perceived mental health, mood disorder and anxiety disorder. We will examine individual and composite measures of these mental health symptoms. We will also conduct subanalyses using data from CCHS 1.2 Cycle and CCHS 2012 for Mental Health, which contain validated measures for mood and anxiety disorders.[@R34] Symptoms will be based on the following questions that have been used in previous studies[@R45]:

-   Self-perceived mental health: "In general, would you say your mental health is excellent, very good, good, fair or poor?" ('fair' or 'poor'). This question has been previously validated.[@R65]

-   Mood disorder (diagnosed by a health professional, expected to last or already have lasted ≥6 months): "Do you have a mood disorder such as depression, bipolar disorder, mania or dysthymia?" ('yes')

-   Anxiety disorder (diagnosed by a health professional, expected to last or already have lasted ≥6 months): "Do you have an anxiety disorder such as a phobia, obsessive-compulsive disorder or a panic disorder?" ('yes')

Precision estimation {#s2-9}
--------------------

We will compute 95% CI around the healthcare utilisation rate for each healthcare type (eg, physician visits, spinal imaging). The healthcare utilisation rate will be calculated as the total number of visits for each healthcare type divided by total person-years follow-up in approximately 26 000 (130 000\*0.2) adults with LBP. Assuming a median follow-up of 5 years, eligible respondents will contribute 130 000 (26 000\*5) person-years follow-up. With the least frequent healthcare use being spinal imaging (age/sex-adjusted annual rate of 4190 per 100 000),[@R46] we estimate that eligible adults will receive 5447 imaging procedures over the study period (26 000\*5\*0.0419). The estimated overall rate is 0.042 imaging procedures per person-year (95% CI 0.041 to 0.043), based on alpha level of 0.05. For objective 2, assuming the most complex fully adjusted model to have 12 covariates (\~30 degrees of freedom), \~1 30 000 subjects (\~26 000 having LBP) are assumed adequate for model convergence.

Analysis {#s3}
========

Descriptive analysis {#s3-1}
--------------------

We will describe the cohort with respect to age, sex, income and other factors related to healthcare use and costs over time. We will use means (SD) or medians (interquartile ranges) and percentages to report continuous and dichotomous variables, respectively. We will report frequency of healthcare use and costs over the study period, stratified by covariates (sociodemographic, health-related factors).

Objective 1 {#s3-2}
-----------

We will use a weighted logistic regression model that includes the aforementioned covariates to estimate a propensity score for the probability of having LBP (vs no LBP). We will create a propensity score-matched cohort, and hard matched on sex, using a nearest-neighbour 1:1-greedy matching algorithm to match participants in the exposed and control groups based on the logit of the propensity score, with a calliper width of 0.2 times the SD.[@R66] We will assess the balance of each baseline covariate between matched exposed and control groups using standardised differences, with differences of \<0.1 suggesting good balance.[@R68] We will use Poisson regression to model the association between LBP and rate of healthcare visits to compute rate ratios (RRs) and 95% CI, stratified by sex, with robust generalised estimating equations or random effect to account for the matched pair design. We are stratifying analyses by sex because healthcare utilisation patterns for LBP, such as frequency and type of visits, likely differ according to sex.[@R69] For each subject, the numerator of the rate is the number of healthcare visits over their follow-up period, while the denominator of the rate is the follow-up duration with offset term to account for varying follow-up. Similarly, we will model differences in healthcare costs calculated as comprehensive per-person costs using linear models (log-transformed).[@R70]

Objective 2 {#s3-3}
-----------

The aim is to assess the effect of LBP on healthcare use and costs within strata of mental health symptoms as the effect modifier. We will assess effect modification on the multiplicative and additive scales. The multiplicative scale refers to the estimated joint effect on the RR scale. The additive scale will inform whether the effect of LBP is greater in one subpopulation, which may reflect a biological interaction. In a separate model, we will include an interaction term between LBP and mental health symptoms. Specifically, we will use Poisson and log-transformed linear models for modelling rates of healthcare use and costs, respectively. We will adjust for confounders in the models, which will be selected using the model building strategy proposed by Rothman.[@R71] We will then assess effect modification on the additive and multiplicative scales with CIs by calculating the relative excess risk due to interaction (RERI) and ratio of RRs, respectively.[@R72] RERI would equal 0 in the absence of additive interaction, and ratio of RRs would equal 1 in the absence of multiplicative interaction.

For objectives 1 and 2, we will account for potential overdispersion by introducing a robust SE into the Poisson model or use a negative binomial regression model. To assess model fit (model diagnostics), goodness-of-fit tests (deviance and Pearson χ^2^ tests) will be used. Bootstrap sampling weights for Ontario from Statistics Canada[@R74] will be applied using Balanced Repeated Replication for all analyses and variance calculations to account for the complex survey design. We will use a pooled approach to combine CCHS cycles, which increases sample size and statistical power.[@R74] We will adjust for CCHS cycle in all models to account for trends over time. All models and analyses will be run for subpopulations, including by sex, socioeconomic status and gender-related variables (eg, marital status, living arrangements, ethnoracial information from CCHS).

Sensitivity analyses {#s3-4}
--------------------

We will conduct several sensitivity analyses to assess the potential impact of misclassification and residual confounding on study results. First, we will conduct separate analyses to account for incident episodes of LBP using diagnostic information to assess the potential impact of misclassification of the LBP exposure. We will stratify individuals self-reporting LBP on CCHS by: (1) those with no LBP-related visits in the past 2 years from CCHS interview date; (2) those with 1--2 LBP-related visits in the past 2 years; and (3) \>2 LBP-related visits in the past 2 years. We will use a 2-year look-back window for any physician visits, ED visits, hospitalisations or spinal imaging related to LBP to assess whether associations of interest differed when incorporating LBP diagnostic information. We will conduct separate analyses for each of the three groups to stratify results. Second, we will conduct sub-analyses using the CCHS Cycle 1.2 and CCHS 2012 for Mental Health to assess the validity of self-reported mental health symptoms and the potential impact of misclassification on study results.[@R34] Third, to assess the potential impact of residual confounding from unmeasured or unknown confounders, we will conduct a quantitative bias analysis. This analysis aims to estimate the extent to which these confounding variables may explain some or all of the reported association between the exposure and outcome.[@R75]

Finally, we will conduct sensitivity analyses whereby outcomes are: (1) all-cause healthcare utilisation; (2) cause-specific healthcare utilisation for mental health symptoms and (3) opioid use to inform the generalisability of results. All-cause and mental health-related healthcare utilisation includes physician visits, ED visits and hospitalisations. Mental health-related utilisation will be based on diagnostic codes for mental health disorders, including substance-related disorders, schizophrenia, mood disorders and anxiety disorders ([table 2](#T2){ref-type="table"}). Opioid use will be assessed as an outcome in a subset of the population due to data availability. Specifically, we will assess opioid use in adults using the Narcotic Monitoring System data from 2012 and onwards, and among those aged ≥65 years or on social assistance using Ontario Drug Benefits data.

Patients and public involvement {#s3-5}
-------------------------------

We did not involve patients or the public in the development of this protocol, and they will not be involved in the conduct of the study. We will disseminate study results to patients and the public using website postings, research briefs and social media ([table 3](#T3){ref-type="table"}).

###### 

Knowledge translation and exchange strategy

  --------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  Audience                                                End-of-grant KTE strategy
  ------------------------------------------------------- ------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  Scientific community (eg, researchers, academics)       Present results at scientific conferences in epidemiology and spine research (eg, *Canadian Society for Epidemiology and Biostatistics*, *Society of Epidemiologic Research*, *EUROSPINE*)\
                                                          Submit manuscripts to relevant high-impact, peer-reviewed journals (eg, *Spine Journal*) for open access publication

  Researchers, knowledge users                            Draft 1-page research briefs to be circulated to: (1) Knowledge Translation Canada (reaches \>2000 researchers and knowledge users in Canada) and (2) the Strategy for Patient-Oriented Research (SPOR) Evidence Alliance (reaches \>250 researchers and knowledge users in Canada and abroad)

  Healthcare professionals, researchers, general public   Draft 1-page research briefs to be posted on Knowledge Translation Program website at St. Michael's Hospital, and circulated to Health Quality Ontario, low back pain models of care (Inter-professional Spine Assessment and Education Clinics, Primary Care Low Back Pain Pilot), Choosing Wisely Canada

  General public, community                               Post key messages through Twitter campaign
  --------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

KTE, knowledge translation and exchange.

Discussion {#s4}
==========

Strengths and limitations {#s4-1}
-------------------------

There are strengths to our study. We will conduct the first population-based study to assess the joint effects of LBP and mental health symptoms on healthcare utilisation and costs, using linked health surveys with health administrative data to identify Ontarians with LBP. Linking population health surveys with health administrative databases is a unique opportunity to identify priority groups of high healthcare use among adults with LBP. Administrative data lack clear approaches to identify individuals with LBP; however, linked population health surveys offer a unique opportunity to build a provincially representative cohort of individuals with LBP. A data linkage approach will ensure capture of all healthcare encounters (medical visits, hospitalisations) in the single payer system of Ontario. In addition, the costing methodology will use observed person-level healthcare cost data to generate total healthcare spending. Overall, findings will help identify and tailor strategies to subgroups with high healthcare utilisation and costs. Identifying priority groups for LBP is crucial to inform decisions to improve population health, healthcare sustainability and quality of care in Canada and beyond.

There are some limitations that we acknowledge:

-   CCHS and RPDB data can only be linked for those who agreed to linkage and with valid health card numbers (\>80%). Excluded persons may differ (eg, may be sicker, with more severe LBP or mental health symptoms) from those included in the cohort, but this risk of bias is low since refusal rates are low. To assess the impact of any potential selection bias, we will conduct a detailed analysis of those who did not participate as we have baseline information from the unlinked participants from the CCHS.

-   Since CCHS captures self-reported data (eg, LBP, mental health symptoms), measurement error may arise due to social desirability bias or problems with recall. With administrative data, using LBP diagnostic codes may be prone to under-reporting or misclassification. We have identified several ways to overcome this limitation. First, we will not rely solely on self-reported LBP but compare this information with prior healthcare utilisation with back pain diagnostic codes ([table 2](#T2){ref-type="table"}). Self-report of LBP may capture individuals who do not formally seek healthcare. However, the data do not allow us to identify individuals who develop LBP during the follow-up period or treat LBP as a time-varying exposure, which may lead to misclassification. We understand that both data sources on their own may imperfectly capture those with LBP and there is no existing registry; thus, we are using both data sources to provide a comprehensive approach and represent the best secondary data methods to capture LBP exposure in the general population. Second, individuals with mental health symptoms may under-report the severity of their symptoms. CCHS uses a validated question for self-perceived mental health, and subanalyses will use the CCHS Cycle 1.2 and CCHS 2012 for Mental Health for validation.[@R34]

-   Healthcare utilisation will exclude services not covered by OHIP, including prescription drugs outside of hospital settings, allied health services (eg, physiotherapy, chiropractic care) and assistive devices (other than for Ontarians aged ≥65 with specific medical conditions or on government assistance). Therefore, our study results will underestimate the burden of healthcare utilisation for LBP. To address this, we will conduct additional analyses using: (1) previous literature on allied health services utilisation for LBP[@R13]; (2) self-reported use of physiotherapy and chiropractic services obtained through CCHS and (3) OHIP data prior to the delisting of certain allied health services (eg, physiotherapy, chiropractic care) in 2004 to estimate the proportion of healthcare utilisation and costs likely underestimated in our results.

-   We have limited data on opioid use but will evaluate this in a subpopulation for our sensitivity analysis using Narcotic Monitoring System data for eligible adults 2012 and onwards, and Ontario Drug Benefits data for those aged ≥65 years. Future work can evaluate this as more years of data become available through the Narcotic Monitoring System.

-   There may be residual confounding from unmeasured or unknown confounders. We will conduct a quantitative bias analysis to estimate the extent to which these confounding variables may explain some or all of the reported association between the LBP and healthcare utilisation/costs.[@R75]

Dissemination of results {#s4-2}
------------------------

We will submit study results for publication in peer-reviewed journals and presentation at scientific conferences. We have devised a multifaceted knowledge translation and exchange strategy to disseminate results and engage with stakeholders ([table 3](#T3){ref-type="table"}).
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